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@ Processing of powder. 



@ A method and apparatus are provided for 
introducing a flammable powder such as red 
phosphoms into a hot melt such as an extrud- 
able polymer which is in motion at the point of 
introduction of the flammable powder. 
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This invention relates to the processing of pow- 
der, for exannple introducing powdery additives Into 
extrudable materials and in particular to the introduc- 
tion of potentially flammable or explosive powders 
such as red phosphorus into hot fluids such as hot ex- 
trudable polymers. 

Red amorphous phosphorus has been known 
since 1965 as an effective flame retardant for poly- 
mers. However, previous processes for its incorpora- 
tion into such polymers have not been satisfactory 
owing to f lammability and explosivity problems asso- 
ciated with the handling of powdered red phos- 
phorus. 

It should be noted that the term "powder" as here- 
in employed is intended to cover those particulate 
materials whose particle size is sufficiently small that 
there is risk of substantial numbers of particles being 
entrained or suspended in air or gas currents during 
normal handling, including those that exist naturally 
in a powdered form and those which are obtained. in 
such a form via any physical or chemical means such 
as pulverisation or precipitation. 

In a first aspect, the present invention provides a 
method for introducing a flammable powder into a hot 
melt, said hot melt being in motion at the point of in- 
troduction of said flammable powder, said method 
comprising the following steps: 

- conveying said flammable powder into a transi- 
tion zone; 

- conveying said flammable powder from said 
transition zone to a mixing zone and mixing said 
flammable powder with said hot melt in said mix- 
ing zone; 

- admitting an inert gas into said transition zone 
and maintaining an inert positively pressurised 
atmosphere in said transition zone, and cooling 
said transition zone sufficiently to prevent igni- 
tion of said powder. 

The present invention also provides a material 
made by the method described in the immediately 
preceding paragraph. 

In a third aspect, the present invention provides 
an apparatus for introducing a flammable powder into 
a hot melt, said apparatus comprising: 

- a transition chamber provided with an inlet for 
said powder; 

- means adapted to admit an inert gas into said 
transition chamber to provide a positively pressu- 
rised inert atmosphere therein; 

- means adapted to feed said powder through 
said inlet against said pressure; 

- a mixer; 

- means for passing a stream of said melt through 
said mixer; 

- and a conveyor adapted to convey said powder 
from said transition chamber to said mixer: 

wherein said mixer is adapted to convey and to 
mix said flammable powder and said hot melt. 



The present invention further provides a material 
made by means of the apparatus described in the im- 
mediately-preceding paragraph. 

Preferred features of the apparatus of the pres- 
5 ent invention are described as follows: 

The mixer may be any of those known in the 
art and capable of transferring materials under gas 
tight conditions, such as extruders. 

In a preferred embodiment, the mixer comprises 
10 a co-rotating twin screw compounding extruder, with 
length to diameter ratio in the range of from 15:1 to 
35:1, such as 28:1 to 31:1 or 20:1 to 24:1, especially 
22:1, wherein said mixer is adapted both to convey 
material and to mix material under pressure with the 
15 exclusion of gas by virtue of its comprising alternate 
sections comprising either coarse screw threads or 
fine, intermeshing space filling screw threads, e.g. 
those which are trilobal in cross section, respectively. 
The conveyor may be likewise any of those 
20 known in the art and capable of transferring materials 
under gas tight conditions. Most preferably the con- 
veyor is a side feeder for powder addition as is con- 
ventionally known in the art and which is fitted to the 
mixer. 

25 In the most preferred embodiment, according to 

the present invention, said conveyor is provided with 
an opening over which is fixedly mounted said transi- 
tion chamber, the location of said transition chamber 
with respect to said opening being such that a gas 

30 tight seal is provided around said opening. The tran- 
sition chamber is preferably constructed of a structur- 
ally-rigid material, such as a light-weight metal, and 
may conveniently comprise a housing of a substan- 
tially parallelepiped configuration. The transition 

35 chamber may be provided with a pressure confirming 
means adapted to release excess pressures. 

Suitably, the housing comprises a body and a lid, 
wherein said lid is adapted to be released when a dan- 
gerous pressure is reached within the body, e.g. said 

40 lid may be connected to said body by means of pre- 
stressed spring-like clips. In a highly-preferred em- 
bodiment of the present invention, said transition 
chamber includes means for permitting internal view- 
ing. For example, the lid may be constructed of a sub- 

45 stantially transparent material such as polymethyl 
methacrylate (commercially available under the Reg- 
istered Trade Mark PERSPEX). Preferably, said tran- 
sition chamber is electrically-earthed. 

The inert atmosphere may suitably comprise any 

50 gas which is unreactive with the powder, typical ex- 
amples include gaseous carbon dioxide and/or nitro- 
gen but carbon dioxide is preferred. The means for 
admitting said inert gas into said transition chamber 
may typically comprise a gas-tight entry port to said 

55 transition chamber wherein said port admits a deliv- 
ery tube for said inert gas. Said delivery tube may 
conveniently be made of a semi- flexible material, e.g. 
semi-flexible copper and is typically fitted to convey 

2 
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the inert gas e.g. carbon dioxide to as near the con- 
veyor, e.g. screw extruder, as is practicable. The 
amount of inert gas delivered into the transition cham- 
ber is dependent on the capacity and production rate 
of the apparatus. Atypical flow rate would be from 6 
to 12 litres per minute of inert gas. 

Preferably, the transition chamber is provided 
with a pressure-confirming means, wherein said 
pressure-confirming means may comprise a pres- 
sure-regulator coupled in a gas-tight manner to a port 
in the transition chamber. Suitably, said pressure- 
confirming means comprises a glass flow-tube, or, 
more preferably, an oil or water seal, typically of 
height of about 5 mm, and preferably positioned so as 
to provide an exit for inert gas from the transition 
chamber at the highest point of said chamber. 

It Is preferred that the means for feeding powder 
to the transition chamber and the conveyor are posi- 
tioned such that any height differential therebetween 
is minimised. This can have the advantage of reduc- 
ing the formation of dust clouds of flammable powder. 

The apparatus preferably comprises means for 
cooling the transition zone and the conveyor. 

Said cooling is suitably achieved by means of a 
water jacket wherein said jacket is preferably inter- 
posed between said transition chamber and the mixer 
in such a manner that cooling of the flammable pow- 
der within said transition chamber is achieved without 
concomitant cooling of the hot melt contained in said 
mixer. 

It is preferred, in the present invention, to provide 
an inert atmosphere for parts of the apparatus in ad- 
dition to the transition chamber and the mixer, espe- 
cially where said, parts comprise a dispensing means 
for admission of the flammable powder to the transi- 
tion chamber, especially where said flammable pow- 
der comprises powdered red phosphorus. According- 
ly it is preferred that inert gas, e.g. carbon dioxide, is 
piped to said means, typically a dispenser hopper of 
conventional construction, so as to blanket the flam- 
mable powder, e.g. red phosphorus, therein. 

It is preferred that the method of the present in- 
vention be carried out in an apparatus incorporating 
one or more of the hereinabove described features. 

The present invention provides a process for the 
incorporation of powdered red phosphorus into ther- 
moplastic polymers and thermoplastic elastomers 
such as polyethylene, polypropylene, ethylene vinyl 
acetate, polyamides (e.g. nylon 6. 66 and 12), styrenic 
polymers (e.g. acrylonitrile - butadiene-styrene and 
high impact polystyrene). 

SPECIFIC DESCRIPTiON 

A preferred embodiment of the present invention 
wilt be illustrated, merely by way of example and with 
reference to the accompanying drawings. 

In the drawings (wherein like numerals denote 



like parts) Figure 1 is a schematic block diagram 
showing the relationship between the transition 
chamber of the present invention and the remainder 
of the apparatus. 

5 Figure 2 is an elevation of the transition chamber, 

partly- sectioned. 

Figure 3 is a plan view of the apparatus, with 
parts cut away. 

A mixer (10) consists of a compounding extruder 

10 which is provided with co-rotating twin screws (50) 
extending through, a polymer inlet (20) at its upstream 
end and a conventional venting system for volatiles 
(23) near its downstream end and a perforated die 
(40) at its extreme downstream end. 

15 Mixer (10) further comprises a powder inlet (21) 

downstream with respect to the polymer inlet (20). 

The apparatus further comprises a powder feed 
mounted transversely to the mixer (10) and compris- 
ing a water jacketed transition chamber (29) and a wa- 

20 ter jacketed screw conveyor (25) from the transition 
chamber (29) to the powder inlet (21). 

The transition chamber (29) is provided with an 
opening (26) in gas tight communication with the 
screw conveyor (25), a lid (28) resting freely on the 

25 chamber (29), an inlet for powder (27), said powder in- 
let (27), being positioned at minimum drop height with 
respect to screw conveyor (25) and said inlet (27) ac- 
commodating, in a gas-tight manner, a screw convey- 
or (30) from a gas-tight powder dispenser (33) to said 

30 inlet (27). The transition chamber (29) further com- 
prises an inlet for inert gas (31) and, included in the 
said lid (28) a substantially annular port (35) around 
which is connected, in a gas-tight manner, a coupling 
(36) which surrounds, in a gas-tight manner, a filter 

35 (37) over which is mounted a pressure confirming and 
regulating device (38). In the illustrated embodiment 
said device (38) is a water seal. 

Co-rotating twin screws (50) extend through mix- 
er (10) and comprise a coarse threaded screws flight 

40 section (51 ) which is located at the extreme upstream 
end of mixer (10) in the vicinity of polymer inlet (20) 
and which is followed by a section of fine intermesh- 
ing space filling threads (52) located in the region ex- 
tending downstream with respect to polymer inlet (20) 

45 and terminating immediately upstream from powder 
inlet (21). 

A further coarse threaded screw flight section 
(53) follows, which is located in the vicinity of powder 
inlet (21) and which is connected to a section of fine 
50 intermeshing space filling threads (54) located in the 
region extending downstream from powder inlet (21) 
and terminating immediately upstream with respect 
to vent (23). 

Screw flight section (54) is followed by a final 
55 coarse threaded section (55) which is located in the 
vicinity of vent (23) and which precedes a final section 
of fine intermeshing space filling threads (56), the 
section (56) being located at the downstream end of 
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mixer (10) and impinging on perforated die (40). 

In practising the method of this Invention, powder 
is supplied to screw conveyor (30) via the powder dis- 
penser (33), which is maintained under an inert at- 
mosphere by inert gas supplied from the delivery tube s 
(34) and enters the water jacketed transition chamber 
(29), whereby It is shielded from heat generated in 
mixer (10). and furthermore whereby it is maintained 
under an inert atmosphere by means of inert gas sup- 
plied through inlet (31), and confined by lid (28), the io 
pressure of said inert gas in the apparatus being 
regulated by water seal (38). 

Screw conveyor (25) conveys the powder from 
the transition chamber (29) through powder inlet (21) 
to the mixer (10), whereupon the powder is mixed is 
with hot melt. Hot melt is derived from polymer gran- 
ules which are supplied to the mixer (1 0) via polymer 
inlet (20) and conveyed downstream along mixer (10) 
by means of coarse screw thread section (51), where- 
upon the polymer granules are pressurised with the 20 
exclusion of gas and masticated by fine Intermeshing 
screw thread section (52), producing hot melt, which 
is conveyed further downstream along mixer (10) by 
coarse screw thread section (53) and concomitantly 
mixed with powder supplied to mixer (10) via powder 25 
inlet (21). The polymer and powder are then com- 
pounded and pressurised with the exclusion of gas, 
by fine intermeshing screw thread section (54) before 
being conveyed further downstream along mixer (10) 
by coarse screw thread section (55). The depressur- 30 
isation thus achieved permits venting of volatiles 
through vent (23). Fine intermeshing screw thread 
section (56) causes a final repressurisation of the 
compounded powder and polymer which is then ex- 
truded through perforated die (40), cooled, diced, 35 
dried and collected. 

Claims 

40 

1. A method for introducing a flammable powder 
into a hot melt, said hot melt being in motion at the 
point of introduction of said flammable powder, 
said method characterised by the following 
steps : 45 

- conveying said flammable powder into a 
transition zone; 

- conveying said flammable powder from said 
transition zone to a mixing zone and mixing 

said flammable powder with said hot melt in so 
said mixing zone; 

- admitting an inert gas into said transition 
zone and maintaining an inert positively pres- 
surised atmosphere in said transition zone, 

and cooling said transition zone sufficiently to ss 
prevent ignition of said powder. 

2. An apparatus for introducing a flammable powder 



into a hot melt, said hot melt being in motion at the 
point of introduction of said flammable powder, 
said apparatus characterised by : 

- a transition chamber (29) provided with an 
inlet (27) for said powder; 

- means (31) adapted to admit an inert gas 
into said transition chamber (29) to provide a 
positively pressurised inert atmosphere 
therein; 

- means (30) adapted to feed said powder 
through said inlet (27) against said pressure; 

- a mixer (10); 

- means (50) for passing a stream of said melt 
through said mixer (10); 

- and a conveyor (25) adapted to convey said 
powder from said transition chamber to said 
mixer (10); 

- wherein said mixer (1 0) is adapted to convey 
and to mix said flammable powder and said 
hot melt. 

3. An apparatus according to Claim 2, characterised 
in that the transition chamber (29) is provided 
with an opening (26) in gas tight communication 
with the screw conveyor (25), a lid (28) resting 
freely on the chamber (29), and further in that the 
powder Inlet (27), is positioned at minimum drop 
height with respect to the screw conveyor (25) 
and further in that the inlet (27) accommodates, 
in a gas tight manner, the means (30), the lid (28) 
includes a substantially annular port (35) around 
which is connected, in a gas-tight manner, a filter 
(37) over which is mounted a pressure confirming 
and regulating device (38), and especially in that 
the device (38) is a water seal. 

4. An apparatus according to Claim 2 or 3, charac- 
terised in that the mixer (10) consists of a conr>- 
pounding extruder which is provided with co-ro- 
tating twin screws (50) extending through, a poly- 
mer inlet (20) at its upstream end and a conven- 
tional venting system for volatiles (23) near its 
downstream end and a perforated die (40) at its 
extreme downstream end, and further in that the 
mixer (10) comprises a powder inlet (21) down- 
stream with respect to the polymer inlet (20). 

5. An apparatus according to any one of Claims 2 to 
4, characterised in that the co-rotating twin 
screws (50) comprise a coarse threaded screw 
flight section (51) which is located at the extreme 
upstream end of the mixer (10) in the vicinity of 
the polymer inlet (20) and which is followed by a 
section of fine intermeshing spacefilling threads 
(52) located in the region extending downstream 
with respect to the polymer inlet (20) and termin- 
ating immediately upstream from the powder inlet 
(21), which screw flight section (51) is followed by 
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a further coarse threaded screw flight section 
(53). which is located in the vicinity of the powder 
Inlet (21) and which is connected to a further sec- 
tion of line intermeshing space filling threads (54) 
located in the region extending downstream from 5 
the powder inlet (21) and terminating immediate- 
ly upstream with respect to the vent (23), which 
screw flight section (54) is followed by a final 
coarse threaded section (55) which is located in 
the vicinity of vent (23) and which precedes a f i- io 
nal section of fine intermeshing space filling 
threads (56). the section (56) being located at the 
downstream end of mixer (10) and impinging on 
perforated die (40). 

15 

6. An apparatus according to any one of Claims 2 to 
5, characterised in that the means (30) compris- 
es a screw conveyor from a gas tight powder dis- 
penser (33) to the inlet (27), and further in that 
the dispenser (33) is provided with a delivery 20 
tube for inert gas (34). 
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